INTRODUCTION
Ophiolites are generally considered to be fragments of oceanic crust and upper mantle that formed during seafl oor spreading and that have been emplaced onto continents (e.g., Anonymous, 1972; Moores, 1982; Dilek, 2003) . Some terranes referred to as ophiolitic have older basement rocks and have been interpreted as rift-edge facies (De Wit and Stern, 1981; Saleeby et al., 1982; Wyld and Wright, 1988; Dewey, 2003; Stern and De Wit, 2003) . A rift-edge facies represents volcanic and/or intrusive rocks that form prior to opening of a basin by seafl oor spreading, and thus they lie along the margins of a basin. These rocks are built on, or intruded into, basement that predates spreading. Still other incomplete "ophiolites" are interpreted to have formed as seamounts rather than by seafl oor spreading or rifting (MacPherson, 1983; Meyer et al., 1996; Eddy et al., 1998; Dewey, 2003; Shervais et al., 2005) .
A belt of Middle to Late Jurassic ophiolites extends along the western coast of North America for over 1000 km (Fig. 1) . Understanding of the origin of this ophiolite belt is fundamental to understanding the Jurassic tectonic history of the western North America Cordillera (Saleeby, 1992) . Included within this belt are the Josephine ophiolite and its rift-edge facies, which were built upon the older ophiolitic Rattlesnake Creek terrane, the Kings-Kaweah belt, the Coast Range ophiolite, and the Ingalls ophiolite complex ( Fig. 1) (Saleeby, 1978; Saleeby and Sharp, 1980; Hopson et al., 1981; Saleeby et al., 1982; Miller, 1985; Wyld and Wright, 1988; Miller et al., 1993; Harper et al., 1994 Harper et al., , 2003 Shervais et al., 2004) .
The Ingalls ophiolite complex is the largest and most complete of the northern ophiolites of this belt, and it has been correlated with the ca. 162 Ma Josephine ophiolite ( Fig. 1) (Miller et al., 1993; Metzger et al., 2002; Miller et al., 2003) . It is intruded by the 91-96.5 Ma Mount Stuart batholith, overlain by Eocene sediments to the south, and thrust over the Chiwaukum Schist along the Cretaceous Windy Pass thrust to the north ( Fig. 2 ) (Miller, 1980 (Miller, , 1985 Matzel et al., 2006) .
INGALLS OPHIOLITE COMPLEX
The Ingalls ophiolite complex principally consists of mantle peridotite. Subordinate crustal rocks, as well as peridotite, occur as outcrop-to kilometer-scale, fault-bounded blocks that are encased within the serpentinite mélange of the Navaho Divide fault zone. These include the Ingalls sedimentary rocks ( Peshastin Formation) and mafi c rocks of the Esmeralda Peaks and Iron Mountain units.
Mantle Peridotites
The relationship between the voluminous peridotite tectonites (Fig. 2 ) and crustal units of the Ingalls ophiolite complex is not well understood. A northern lherzolite and clinopyroxene-rich harzburgite unit is separated from a southern harzburgite and dunite unit by the Navaho Divide fault zone ( Fig. 2) (Miller, 1985) . The Navaho Divide fault zone (Figs. 2 and 3) is a mélange that consists of sheared serpentinite matrix that encases fault-bounded blocks of less serpentinized peridotite and the crustal units (Miller, 1980 (Miller, , 1985 Miller and Mogk, 1987) . The faulted contacts of mélange blocks dip steeply to the north (Miller, 1980 (Miller, , 1985 . The shear fabric of the Navaho Divide fault zone mélange overprints mylonitic lherzolite that is transitional into the northern lherzolite unit (Fig. 2) (Miller, 1985; Miller and Mogk, 1987) . Miller (1985) and Miller and Mogk (1987) proposed that the Navaho Divide fault zone originated as a transform fault and fracture zone. 
Esmeralda Peaks Unit
The Esmeralda Peaks unit consists of gabbro, sparse plagio granite, abundant diabase (locally forming sheeted dikes), pillowed and massive basalt, and minor ophiolitic breccia and intrapillow chert (Miller, 1985; Harper et al., 2003; MacDonald et al., this volume, chapter 4) . A gabbro from this unit has yielded a U-Pb zircon age of 161 ± 1 Ma (2σ) (Fig. 2 ) . Geochemical affi nities of Esmeralda Peaks volcanic rocks are transitional from mid-ocean-ridge basalt to island-arc tholeiite (MORB-IAT), although a few lava samples have boninitic affi nities (Metzger et al., 2002; Harper et al., 2003; MacDonald et al., this volume, chapter 4) . This unit is interpreted to have formed in a back-arc basin cut by a fracture zone (Miller et al., 1993; Metzger et al., 2002; Harper et al., 2003; MacDonald et al., this volume, chapter 4) . For a detailed discussion of the Esmeralda Peaks unit, refer to MacDonald et al. (this volume, chapter 4) .
Ingalls Sedimentary Rocks
The Ingalls sedimentary rocks occur primarily in the eastern portion of the complex (Figs. 2 and 3) (Smith, 1904; Southwick, 1962 Southwick, , 1974 Tabor et al., 1982; Mlinarevic et al., 2003) . Argillite predominates, and chert, graywacke, conglomerate, ophiolitic breccia, and sedimentary serpentinite are minor constituents (Fig. 4) (Smith, 1904; Southwick, 1962 Southwick, , 1974 Mlinarevic et al., 2003; MacDonald et al., 2005 Figure 2 . Geologic map of the Ingalls ophiolite complex and surrounding units. EP-Esmeralda Peaks; NDFZ-Navaho Divide fault zone; I-Iron Mountain; S-Sheep Mountain. IAT-island-arc tholeiite; MORB-mid-ocean-ridge basalt; WPB-within-plate basalt. Indicated Jurassic ages are based on radiolariain chert (E. Pessagno, 2002, personal commun. to MacDonald et al., this volume, chapter 4). within cherts from the Ingalls sedimentary rocks (Figs. 2, 3 , and 4) (Miller et al., 1993; Pessagno, 2002, personal commun.; Harper et al., 2003) . Ion microprobe U-Pb dating of detrital zircons from an Ingalls graywacke gives a bimodal age distribution, and the younger 153 Ma detrital zircon peak is interpreted to be the approximate age of deposition . Both a local ophiolite source and a distal terrigenous source are inferred for the Ingalls sedimentary rocks .
Iron Mountain Unit
The Iron Mountain unit (Figs. 2 and 3), described in detail here for the fi rst time, consists of volcanic and minor sedimentary rocks (Fig. 4) . This unit occurs as kilometer-scale, and smaller, fault blocks within the serpentinite mélange of the steeply north-dipping Navaho Divide fault zone (Figs. 2 and 3 ). Faulted blocks of the Iron Mountain unit range in thickness from ~100 to >930 m (Fig. 4) and extend discontinuously for ~24 km in the southern part of the complex (Figs. 2 and 3) . The Iron Mountain unit differs from the Esmeralda Peaks unit by its lack of gabbro and diabase, more abundant and well-developed pillows, and interlayered oolitic limestone (see following discussion).
Lithologies
Volcanic rocks in the Iron Mountain unit include basalt fl ows and broken pillow breccia, and minor hyaloclastite and rhyolite. Most basalt is vesicular and pillowed; pillows range from ~10 cm to ~1 m in diameter. Sparse massive vesicular and sheet fl ows are intercalated with the pillow basalts and range up to ~2 m in thickness.
Plagioclase microglomerophenocrysts set in an altered glassy groundmass with plagioclase microlites are common in the basalts. Clinopyroxene was observed in the groundmass in several samples, and as microphenocrysts in one sample. The broken pillow breccia is monolithologic, consists of decimeter-size, angular, typically vesicular, fragments of pillows set in a matrix of altered glass, recrystallized calcite, and minor chert, and it makes up roughly one-third of all volcanic rocks. This broken pillow breccia occurs as both meter-scale outcrops interfi ngered with the pillow basalts, and as bodies extending laterally for up to ~685 m and reaching ~52 m in thickness. The hyaloclastite consists of altered mafi c glass and <10% pillow basalt fragments. These hyaloclastites are commonly medium-bedded, are no more than a few meters in thickness, and make up <1% of all volcanic rocks. The rhyolite has quartz and plagioclase phenocrysts or, more frequently, microphenocrysts set (Miller et al., 1993; C. Blome, 1992, personal commun.; E. Pessagno, 2002 E. Pessagno, , 2004 . Figure was modifi ed from Tabor et al. (1982 Tabor et al. ( , 1987 Tabor et al. ( , 1993 Tabor et al. ( , 2000 and Harper et al. (2003) . WPB-within-plate basalt.
in a granular groundmass of plagioclase and quartz. Sulfi de mineralization occurs in the rhyolite. At one locality, rhyolite occurs as massive fl ows above broken pillow breccia and below vesicular pillow basalt and is up to ~65 m thick (Figs. 3 and 4) .
Basalt fl ows and broken-pillow breccias have albite, epidote, chlorite, pumpellyite, and sphene as alteration minerals. Vesicles in the basalts are fi lled with calcite generally intergrown with epidote and pumpellyite. The rhyolite has albite, epidote, recrystallized quartz, and minor chlorite and sphene as alteration minerals. Secondary muscovite occurs in the rhyolite groundmass in one sample. Veins of calcite, and calcite plus quartz, cut the basalt and rhyolite, respectively. These mineral assemblages are consistent with greenschist-facies metamorphism.
Limestone and minor argillite, chert, and basaltic tuff are found intercalated with the volcanic rocks (Fig. 4) . Pink and gray recrystallized limestone occurs as interpillow sediment up to ~1 m in diameter and, in places, is uniformly distributed throughout the pillow basalts. Interpillow argillites are locally siliceous, and impure chert occurs as recrystallized dark-green intrapillow sediments.
Basaltic tuffs occur between pillows as undisrupted aqueous deposits and as reworked beds. The reworked basaltic tuffs form ~1-cm-thick beds, with total bedded thickness ranging up to several meters (Miller, 1980) . These reworked tuffs are monolithologic, consisting of poorly sorted millimeter-to centimeter-size basaltic fragments (Miller, 1980) . Mudstone, limestone, chert, basaltic breccia, and minor sandstone sit conformably on the volcanic rocks of the Iron Mountain unit. Mudstone is the most abundant sedimentary rock type. Locally interbedded with the mudstone is dark gray, thin-to medium-bedded radiolarian chert, jasper, red radiolarian chert, and ribbon chert (Figs. 3 and 4) . Radiolarian chert layers range from a few centimeters to a few meters in thickness. Basalt breccia consists of decimeter-size fragments cemented by recrystallized calcite, is up to ~21 m thick, and is moderately sorted. Thin beds of graywacke are massive to well bedded (millimeter-to centimeter-scale), poorly to weakly graded, and poorly sorted. Clasts of tuff and chert are common. These sandstones are more clay rich and more poorly sorted than Late Jurassic sandstones that overlie the Esmeralda Peaks unit (Southwick, 1962; MacDonald et al., this volume, chapter 4) .
Limestone is a minor but distinctive rock type of the Iron Mountain unit (Figs. 3 and 4). It occurs as beds up to 80 m thick that lie conformably on the basalt (Fig. 4) . The limestones are massive and are either light-gray or reddish-pink. Locally, the limestone is brecciated, with clasts up to 8 cm in diameter. The gray limestone is oolitic (Fig. 5 ) and contains fragments of echinoderms, foraminifera, bivalves, and possibly gastropods, as well as red and green algae (C.H. Stevens, 2002, personal commun.) . The fossil fragments are commonly encased in the center of the ooids by microcrystalline calcite, and some ooids are composite. The red limestone is micritic, contains radiolarians and foraminifera, and is pelagic in origin (E. Pessagno, 2004, personal commun.) .
Geochemistry
Iron Mountain unit basalts were previously analyzed by Gray (n = 6; and Metzger et al. (n = 2; . No localities were given for Gray's (1982) Miller et al. (1993 ), C. Blome (1992 , and E. Pessagno (1999, written commun.) .
to have mid-ocean-ridge basalt (MORB) affi nities. Metzger et al. (2002) recognized within-plate basalt affi nities for their samples and similarly reinterpreted Gray's (1982) samples. Metzger et al. (2002) also suspected that the within-plate basalt samples belonged to a previously unrecognized unit within the Ingalls ophiolite complex.
Ten new Iron Mountain samples were analyzed for this paper (Table 1 ; see GSA Data Repository 1 for analytical discussion). In our evaluation of the Iron Mountain unit, we utilized the samples of Metzger et al. (2002) but excluded those of Gray (1982) due to the lack of published sample localities. Because the volcanics of the Iron Mountain unit underwent greenschist-facies metamorphism, only geochemical plots with elements that are immobile under these metamorphic conditions are used.
With the exception of two samples, basalts of the Iron Mountain unit have within-plate basalt affi nities as evident from the Ti-Zr-Y diagram ( Fig. 6 ; Table 1 ). According to Pearce (1996a) , this diagram is extremely diagnostic for discriminating basalts that formed in a within-plate environment, probably because Y is depleted during partial melting of garnet lherzolite. The Th/Yb-Ta/Yb diagram (Fig. 7) indicates that the Iron Mountain basalts have within-plate enrichment of the mantle source, are transitional between tholeiitic and alkaline, and display no arc component. Ti/V ratios for the Iron Mountain unit basalts are transitional between alkaline and tholeiitic and are similar to those of Hawaii (Fig. 8) . These basalts have steep negative slopes on MORB-and chondrite-normalized diagrams, and they display strong large ion lithophile element enrichment when compared to normal (N) MORB ( Fig. 9 ; Metzger et al., 2002) .
A rhyolite from the Iron Mountain unit also has within-plate affi nities and has no arc component (Figs. 7 and 9; Table 1 ). The Th/Yb-Ta/Yb and rare earth element (REE) patterns are similar to the basalts from this unit (Figs. 7 and 9) , except that the rhyolite displays a large negative Ti anomaly and a negative Eu anomaly (Fig. 8B) , which are consistent with Fe-Ti oxide and plagioclase fractionation, respectively.
The two westernmost exposures of the Iron Mountain unit, located south of Esmeralda Peaks (Fig. 2) , occur as isolated blocks within serpentinite-matrix mélange. These exposures have well-developed vesicular pillow basalt with abundant interpillow limestone, minor interpillow chert and basalt breccia, and rare argillite. Unlike similar rocks to the east, a sample from each locality has enriched mid-ocean-ridge basalt (E-MORB), rather than within-plate basalt, chemical affi nities (Figs. 7  and 9 ). Like other Iron Mountain basalts, these two samples display no arc component (Fig. 7) but were derived from a mantle more depleted than other samples (Figs. 7 and 9 ).
Geochronology
A U-Pb zircon date (Table 2 ; Fig. 10 ) of fi ve handpicked, euhedral zircons has been obtained from a rhyolite west of Negro Creek (Figs. 3 and 4) . Analysis was performed with a Micromass Sector 54 thermal ionization mass spectrometer at the University of North Carolina. Decay constants used were (Steiger and Jäger, 1977) . Weights were estimated using a video camera and are known to within 10%. Data reduction and error analysis was done using PbMacDat-2 by D.S. Coleman, using the algorithms of Ludwig (1989 Ludwig ( , 1990 
DISCUSSION
The newly defi ned Iron Mountain unit occurs along the southern margin of the Ingalls ophiolite complex. It is distinguished from other units in the complex by its Early Jurassic age (ca. 192 Ma; Fig. 10 ; Table 2), oolitic (Fig. 5 ) and pelagic limestone, within-plate magmatic affi nities (Figs. 6, 7, 8, and 9) , and rhyolite.
The Th/Yb-Ta/Yb and MORB-normalized diagrams (Figs. 7 and 9) are compatible with the rhyolite fractionating from the Iron Mountain basalt magma. Formation from partial melting of altered basalt, however, cannot be ruled out (Pearce, 1996b; Gunnarsson et al., 1998) . "Granitic" magmas that have fractionated from within-plate basalt occur in small volume in ocean-island settings (e.g., within-plate granites on Ascension Island; Figs. 7 and 9) (Harris, 1983; Pearce, 1996b) and have been observed in other fossil seamounts (e.g., Snow Mountain volcanic complex; MacPherson, 1983) .
The within-plate basalt affi nities of these basalts suggest that the Iron Mountain unit formed as a seamount (Fig. 11A) . The oolitic limestones (Fig. 5 ) and the disarticulation of fossil fragments within the limestone indicate deposition above wave base. Also, the highly vesicular nature of the Iron Mountain basalts is consistent with shallow-water eruption (Moore, 1970) . The hemipelagic limestone and chert, however, imply deposition in deeper water during part of the formation of the Iron Mountain unit (Fig. 11B) . Schmincke and Sumita (1998) and Schmidt and Schmincke (1999) indicated that seamounts are associated with locally derived sediments and explosive eruptions. The broken pillow breccia, basalt breccia, and hyaloclastite of the Iron Mountain unit probably represent these types of deposits.
For the Iron Mountain unit, we propose a seamount origin that formed within close proximity to a spreading ridge (Fig. 11A) . This is based primarily on the transitional withinplate basalt to E-MORB geochemical affi nities and tholeiitic, Figure 6 . Ti-Zr-Y discrimination diagram (Pearce and Cann, 1973) for basalts from the Iron Mountain unit along with a shaded fi eld and a labeled boninite for basalts of the Esmeralda Peaks (EP) unit. Symbols are the same as Figure 9 . IAT-island-arc tholeiite; WPBwithin-plate basalt; MORB-mid-ocean-ridge basalt; CAB-calcalkaline basalt. (Pearce, 1982) for Iron Mountain basalts and rhyolite and a shaded fi eld and a labeled boninite for volcanic rocks of the Esmeralda Peaks (EP) unit. Normal (N) MORB, enriched (E) MORB, and within-plate basalt (WPB) average values are from Sun and McDonough (1989) . Within-plate granite (WPG) is from Pearce et al. (1984) . Lau and Mariana back-arc basin fi elds were compiled by Harper (2003) . Symbols are the same as Figure 9 . OIB-ocean-island basalt. rather than alkaline, compositions (Figs. 6, 7, 8, and 9) . Transitional within-plate basalt to E-MORB compositions form where a mantle plume has interacted with an active spreading ridge (Shervais, 1982; Pearce, 1996a; Harpp and White, 2001 ). Also, Schmincke (2004) suggested that seamounts that form in close proximity to active mid-ocean spreading ridges are tholeiitic, whereas those formed in open-ocean basins are more alkaline. The minor graywacke associated with the sediments located on the Iron Mountain unit volcanics suggests that this seamount formed near a continent or arc. The Th/Yb-Ta/Yb, chondrite-, and MORB-normalized diagrams (Figs. 7 and 9 ) imply that the Iron Mountain unit did not originate from a similar mantle to the ca. 161 Ma Esmeralda Peaks unit. The εNd(t) data for these two units, +6 to +7 for the Iron Mountain unit and +8 to +9 for the Esmeralda Peaks unit, also support this interpretation (MacDonald et al., 2002) .
The Early Jurassic age of the Iron Mountain unit and Late Jurassic age of the Esmeralda Peaks unit suggest that the Ingalls ophiolite complex is polygenetic. A possible polygenetic origin for the Ingalls complex was previously proposed by Tabor et al. (1982) and Miller et al. (1993) . The Iron Mountain unit most likely represents rifted basement of the Esmeralda Peaks unit (Fig. 11C) , at least along the southern margin of the complex where Esmeralda Peaks basalts overlie the Iron Mountain unit at Sheep Mountain (Fig. 4) . The Esmeralda Peaks unit north of the Iron Mountain outcrop belt may have formed by Late Jurassic seafl oor spreading and associated transform faulting, which apparently affected portions of the ophiolite complex (Fig. 11C) . All crustal units within the complex were structurally mixed together during mélange formation (Fig. 11D) .
A modern-day analog for a rift-edge facies is the western portion of the Lau back-arc basin (Hawkins, 1995 (Hawkins, , 2003 . In this part of the basin, older crust is rifted apart by younger propagating spreading ridges and covered by basalt fl ows (Hawkins, 1995, 2003, and references within) . We suggest that the Iron Mountain unit is analogous to the rifted older basement (Sun and McDonough, 1989) , island-arc tholeiite (IAT) (sample SSS5-4; Pearce et al., 1995) , and within-plate granite (WPG) (Pearce et al., 1984) . Chondrite-and MORB-normalizing values are from Sun and McDonough (1989) . (B) Ten basalt samples and one rhyolite from the Iron Mountain unit along with a shaded fi eld for Esmeralda Peaks (EP) samples (boninite not plotted).
of the Lau basin, and the Esmeralda Peaks unit is similar to the younger rift-related fl ows or oceanic crust created by seafl oor spreading after rifting.
An alternative hypothesis is that the Iron Mountain unit is a transform-edge facies (Fig. 11C) . In this scenario, the unit represents older basement juxtaposed against the Esmeralda Peaks unit and mantle peridotite across the Navaho Divide fault zone (Fig. 11C ), which Miller (1985) interpreted as a fossil fracture zone. The Esmeralda Peaks basalts that overlie the Iron Mountain unit at Sheep Mountain (Figs. 3 and 4) may thus represent fl ows across the fracture zone.
Seamounts also occur as tectonic "slices" within fossil subduction zones (MacPherson, 1983; Dewey, 2003) . The Navaho Divide fault zone mélange could have formed in a subduction rather then a fracture-zone setting; however, this fault zone lacks the high-pressure-low-temperature metamorphism that is associated with subduction zones (Ernst, 1973) . In addition, Miller and Mogk (1987) and MacDonald et al. (2005, this volume, chapter 4) outlined data that support a fracture-zone origin for the Navaho Divide fault zone.
This setting of younger ophiolitic rocks built upon older ophiolitic rocks is similar to that inferred for the Devils Elbow and Preston Peak "rift-edge facies" of the Josephine ophiolite, in the Klamath Mountains of northwest California and southwest Oregon (Fig. 1) (Saleeby et al., 1982; Wyld and Wright, 1988) . These rift-edge facies, and a similar facies recently recognized along the northern margin of the Josephine ophiolite, were built upon the Rattlesnake Creek terrane and its correlative units (Fig. 1) (Saleeby et al., 1982; Wyld and Wright, 1988; Yule et al., 2006) . The Rattlesnake Creek terrane is similar to the Iron Mountain unit in its fossil ages, presence of sparse limestone, and within-plate basalt to MORB geochemical affi nities (Wright and Wyld, 1994; Giaramita and Harper, 2006; Yule et al., 2006) . The Josephine ophiolite, including the Devils Elbow remnant, and the Esmeralda Peaks unit of the Ingalls ophiolite complex have similar ages and IAT-MORB geochemical affi nities (Wright and Wyld, 1986; Wyld and Wright, 1988; Metzger et al., 2002; Harper, 2003; MacDonald et al., this volume, chapter 4) . The sedimentary rocks that sit on the Esmeralda Peaks unit and Josephine ophiolite have been correlated based on radiolarian ages of cherts and age of detrital zircon in sandstones . These relationships suggest a similar origin for the Ingalls ophiolite complex and the Josephine ophiolite and its rift-edge facies (Fig. 1) .
It should be noted that the lithologies, geochemical affi nities, and fossil ages of the Rattlesnake Creek terrane are more diverse than the Iron Mountain unit (Wright and Wyld, 1994; Yule et al., 2006) . Also, the Rattlesnake Creek terrane consists of a mélange basement and volcanic cover sequence (Wright and Wyld, 1994) , which is not seen in the Iron Mountain unit. Therefore, the Iron Mountain unit is not a perfect correlation to the Rattlesnake Creek terrane.
CONCLUSION
The Iron Mountain unit: (1) is a newly recognized component of the Ingalls ophiolite complex; (2) is Early Jurassic in age; (3) consists of vesicular basalt, broken pillow breccia, mudstone, lesser limestone, and minor rhyolite, hyaloclastite, chert, tuff, and sandstone; (4) was formed as an off-axis seamount (Fig. 11A) , Table 3 ). Ellipses refl ect 2σ error. MSWDmean square of weighted deviates.
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